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Abstract
The focus of this project, through research and testing, was to prepare various elements of small satellite experiential education curriculum. Rather than be constrained to the expensive and long-term timelines of a larger satellites, students can assemble,
test, and operate various classes of small satellites in a valuable learning experience that will prepare them to work on larger projects. The true benefit of a PocketQube, CanSat, or femtosatellite is that they can be built with less money, less experience,
and less long-term commitment while providing a scaled version of the real-life satellite development process that will engage and inspire students. One already tangible result of this project is a thirty-page illustrated handbook that instructs students
how to use open-source coding software to verify PCB (Printed Circuit Board) construction, how to troubleshoot difficulties when testing the seven different families of satellite subsystems, and the steps for physical manipulation to validate the sensors of
the subsystems. Also important for this project was over twenty-five hours of research cataloging the RF (Radio Frequency) products of more than seventeen different manufacturers to evaluate their impact on small satellite designs. Ongoing research
into the standards currently used by this industry will provide useful results to develop small satellite components. The research in this project will speed the development of exciting small satellite projects that will be used to show students the basics of
satellites at universities far beyond the mountains of Kentucky.
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Microsoldering
Microsoldering is the method of using solder, a metal comprised of tin, silver, and
copper, to assemble circuit boards that require Surface Mount Devices (SMD). Using a
microscope and an ultralight soldering station, the components can be joined to the
circuit board. Creating new small satellite designs is reliant upon microsoldering for
both initial assembly and troubleshooting. Therefore, the practice and technique of
microsoldering, which can be a difficult skill to acquire, is a significant milestone in the
progression of this research project.

Femtosatellite

Size restricted by
weight

<100 g

1P PocketQube

50x50x50 mm
125 cm3

<250 g

1U CubeSat

100x100x100 mm
1000 cm3

<2 kg

Relevance
Significantly less expensive than larger satellites,
PocketQubes can provide an authentic satellite
experience for students at an affordable level. All
satellites, particularly small satellites, contain the
same basic subsystems. Therefore, learning how to
interact with a small satellite can prepare students
to work with significantly larger satellites. Another
important feature of the small satellites is the
potential for innovation from students,
professionals, and anyone who is willing to spend
the necessary time to learn about the process of
research, testing, and validating small satellites.
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Research
One important takeaway from the research performed during this project is the feasibility
of using off-the-shelf components for the design of small satellites. Studying the various
components commercially available led to a better understanding of the process by which
components are selected for use in small satellite designs. A further component of this
research was assembling over thirty hours of research into a concise spreadsheet to display
the complied information. Further development of analytical skills was required, after
gathering the information, to sift through the information to begin the process which will
generate a final result. Although this research is not yet complete and no final results are
available, the skills developed thus far will be important to the project as it progresses.
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The most important correct result from this
ongoing research is the validation of various
subsystems through individual testing of every
board. Testing procedures included the use of
the open-source coding platform Arduino IDE to
preform subsystem tests. These tests included
environmental manipulation to confirm sensor
performance, software tests to confirm all
components are installed correctly, and testing
with a multimeter to confirm that all
components are connected. Another important
function of the testing phase was the creation
of a thirty-page illustrated handbook that
contains the necessary protocols for circuit
boarding as a reference for students performing
the procedures.
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Life-Size Outlines of a CubeSat and PocketQube

The future is bright for small satellite experiential curriculum. Even within this research
project several of the concepts in development have the potential to greatly contribute to
the options available for students to experience first-hand the stages in satellite
development. Of first importance for this project is the continued development of testing
and assembly protocols to develop standardized procedures for other students to actively
participate in the assembly and testing process. Furthermore, continuing to develop small
satellite curriculum will allow more students to become engaged with satellites. Together,
the processes of design, testing, and validation will coalesce to allow students to experience
satellite development.

